The present study aimed to explore the application of diffusion tensor tractography (DTT) in the preoperative planning and prognostic evaluation of tumors located in the functional areas of the brain. A total of 42 patients diagnosed with intracranial tumors were randomly assigned to either the trial or the control group. DT imaging (DTI) was performed on the basis of preoperative conventional magnetic resonance imaging (MRI) and analyzed for patients in the trial group. Patients in the control group underwent only routine MRI scans. The effect of DTT on the prognosis of patients was evaluated by tumor resection rate and quality of life evaluation using Karnofsky performance score (KPS) comparison between the trial and control groups. There were no significant differences for total tumor removal rate in the trial group (85.71%) compared with that in the control group (71.43%) (P>0.05). The rate of postoperative symptom improvement in the trial group (85.71%) was significantly higher compared with that in the control group (47.62%) (P<0.05). The KPS value of the trial group was significantly higher postoperatively (78.57±17.40) compared with that preoperatively (66.67±16.23) (P<0.05). The KPS value of the control group postoperatively (72.38±19.21) was significantly higher compared with that preoperatively (66.67±16.00) (P<0.05). The postoperative KPS improvement rate [postoperative value-preoperative value)/preoperative value] of the trial group was significantly higher compared with that in the control group. In conclusion, the use of DTT is an effective supplement to traditional MRI, with particular relevance in preoperative planning, particularly for tumors in the functional area of the brain, and can significantly improve the prognostic function of patients.
Introduction
The traditional magnetic resonance imaging (MRI) scan can reveal the intracranial structure, intracranial tumor size, location and surrounding edema; however, it cannot precisely reveal the shape of the intracranial nerve fibers. With the development of high-field MR and computer technology, diffusion tensor imaging (DTI) has enabled non-invasive studies of the white matter fiber fascicle (1) . DT tractography (DTT), which is developed from DTI, can reflect the pathological state of the white matter fiber fascicle and the anatomical connection with adjacent lesions, and assist the surgeon to design a suitable surgical strategy prior to surgery (2) .
DTI is a functional MRI technique that is commonly used to evaluate the integrity of the white matter by measuring the water diffusion (3) . DTI has been extensively applied to evaluate the specific white matter bands by using fiber tracking and to examine the axonal impairment resulting from the different disorders, such as corticospinal tract stroke, impairment in chronic spinal cord injury and asymptomatic neurocognitive impairment (4) . The corpus callosum, which is known to be involved in the process of dichotic listening (5) and auditory hallucinations (6) , can be visualized using DTI. Traditional MRI is limited by a resolution that is 1to 2orders of magnitude greater compared with the dimensions of cells and individual axons, therefore, revealing the surrounding axonal structure is difficult (7) . However, DTI could be used to characterize the white matter fiber structure, integrity within the brain and how the water within the brain is affected. Compared with the traditional MRI technique, DTI is susceptible to numerous detrimental artefacts that may impair the reliability and validity of the obtained data (8) . Meanwhile, DTI is not typically applied to detect the changes in the auditory processing. According to a previous study, the acquisition of DTI usually requires a number of primary conditions (7) , including i) behavior of all the particles to be identical; ii) distribution of the displacements to be a finite variance; and iii) the displacement of DTI in future should be free of any influence that derives from the past DTI application. If the aforementioned conditions are not met, this may lead to a mono-exponential decay of MR signal (7) . The purpose of the surgical strategy is to guarantee the integrity of the functional nerves of patients during surgery and to improve the quality of life of patients following surgery. Therefore, DTT can be a reliable strategy for doctors to improve surgical results and reduce the risk of surgery (9, 10) .
In the present study, DTI scans were performed and the generalized q-sampling imaging (GQI) methods were used to track the function-related fiber fascicles (pyramidal fascicle, associated with limb activity, and arcuate fascicle, associated with language) on the basis of a conventional MRI scan, in the trial group. The best safe surgical approach between the location of the tumor and the fiber fascicle was subsequently designed, and the results were compared with that in the patients of the control group, who only underwent a preoperative conventional MRI scan. Tumor resection rate, quality of life using Karnofsky performance score (KPS) (10) and the differences in postoperative functional improvement were compared between the trial and control groups to explore the importance of DTI in the protection of neurological function and the improvement of prognosis in functional brain tumor surgery.
Materials and methods

Selection of subjects.
A total of 42 patients, who were diagnosed with a tumor located in the functional areas of the brain at The Affiliated Hospital of Qingdao University (Qingdao, Shandong, China) between June 2014 and June 2016, were randomly assigned to either the trial group or the control group. A total of 21 patients were recruited to the trial group where they underwent conventional MRI and DTI scans ( Fig. 1) ; this group included 13 males and 8 females, with a mean age of 53.29 years. The tumors were located in 4 areas of the brain, including 8 tumors in the frontal lobe, 2 in the temporal lobe, 8 in the precentral gyrus and 3 in the cerebral falx. The mean tumor volume was 38,038.86±3,578.47 mm 3 . A total of 21 patients were recruited to the control group where they underwent conventional MRI scans; this group included 11 males and 10 females, with a mean age of 48.24 years. The tumors were located in 4 areas of the brain, including 6 tumors in the frontal lobe, 3 in the temporal lobe, 7 in the precentral gyrus and 5 in the cerebral falx. The mean tumor volume was 46,788.62±3,095.99 mm 3 . The clinical symptoms of the patients included headaches, epilepsy and limb hemiplegia. In addition, all patients underwent a craniotomy. The KPS score was used to evaluate the quality of life and functional status of the patients prior to and following surgery, and the postoperative pathological examination findings were considered as the final diagnosis basis. Briefly, the brain tissue samples were fixed using 4% paraformaldehyde at room temperature for 10 min, dehydrated using graded ethanol (85, 95 and 100%) (3 min per grade) and subsequently paraffin-embedded. Subsequently, the paraffin blocks were sectioned (with thickness of 4 µm) and stained using hematoxylin (cat. no. C0107) for 10 min at room temperature and eosin (cat. no. C0109) for 5 min at room temperature, according to the manufacturers protocols (both regents were purchased from Beyotime Institute of Biotechnology). Finally, the sections were sealed using the neutral-resin (Beyotime Institute of Biotechnology) and observed using the light microscope (model, BX-51; Olympus Corporation) at magnification of x400.
The tumors were classified according to the 2007 the World Health Organization classification of tumors of central nervous system (11) .
The present study was approved by the Ethics Committee of The Affiliated Hospital of Qingdao University and all patients provided written informed consent.
MRI. MRI scans were performed using a 3.0T GE MR machine (GE Medical Systems, Milwaukee, WI, USA). The images were constructed by using the image-processing Living Image v3.2 software (Caliper Life Sciences; PerkinElmer, Inc.). Conventional MRI scans included the T1-weighted imaging (WI) sequence, T2WI sequence and fluid-attenuated inversion recovery sequence. Gadopentetate dimeglumine was used as the enhanced contrast agent, scanning 24 layers with a layer thickness of 5.0 mm and a layer spacing of 1.5 mm. DTI scans were performed using a 32-channel head coil in which the patient's head was held in place securely to prevent movement during the scan. The scan sequence was a single shot spin-echo planar image, and the number of the diffusion-sensitive gradient direction was 30. The following parameters were used: b value, 1,000 sec/m 2 ; repetition time (TR), 7,700 msec; echo time (TE), 77 msec; vision fields of view (FOV), 230x230 mm 2 ; voxel size, 2x2x2 mm 3 ; layer thickness, 2.0 mm; the number of excitations, 1; and 40 layers were continuously scanned without interval. The scan time was 286 sec. To distinguish between the anatomical regions, 3-dimensional T1WI scans were used with the sequence of a double flash using the following parameters: TR, 1,900 msec; TE, 2.99 msec; reversal time, 900 msec; layer thickness, 0.9 mm; flip angle, 9˚; number of excitations, 1; vision FOV, 230x230 mm 2 ; and voxel size, 0.9x0.9x0.9 mm 3 . The scan time was 344 sec.
Image processing and analysis. The diffusion data in the Digital Imaging and Communications in Medicine format generated by the scan were imported into the DSI studio (http://dsi-studio.labsolver.org/) and processed with the GQI data reconstruction method. The fibers were tracked using the Trackvis software v0.6.1 (http://trackvis.org/), in which the commissural tracts were depicted in red, the association fibers were presented in green and the super-to-inferior running projection fibers were depicted in blue. The quality assurance (QA) threshold was set to 0.03574, the maximum angle to 7˚, the step length to 0.469 and the total number of brain fibers to 20,000 in the DSI studio software to reconstruct the GQI. The region of interest (ROI) method was used to separate the pyramidal fascicle and arcuate fascicle. For the pyramidal fascicle, the ROI was placed in one-third of the bilateral internal capsule of the posterior limb and in the lateral three-fifths of the bottom of the brain using the ʻANDʼ logic to track. For the arcuate fascicle, the seeding area was placed in the bilateral superior temporal gyrus, middle temporal gyrus and inferior temporal gyrus, and a mask area of interest was then placed on the coronal position in the central posterior position for fiber tracking. At the same time, the QA values of the functional fiber fascicle were measured prior to and following surgery, and the changes were observed. Surgical management. All the patients underwent craniotomy of the brain resection, which was completed by the same neurosurgeon using a microscope. In the trial group, the design of the skin flap and the surgical approach, the shape of the functional fascicle around the tumor and the spatial association with the tumor according to the preoperative DTT results were taken into consideration to avoid damage to the functional conducting fascicle. In the control group, the location of the tumor prior to surgery, as provided by the MRI scan and the natural fissures, including the sulcus and lateral fissure (which were close to the tumor), was selected for entry into the brain to avoid damage to the important cortex, nerves and blood vessels.
Postoperative evaluation. The postoperative tumor resection rate, the postoperative functional changing status and the behavior status (KPS score) were compared between the trial and control groups to evaluate any differences. The fractional anisotrophy (FA) value is the most commonly used quantitative analysis parameter of DTI, which reflects the percentage of water molecule anisotropy to the whole dispersion movement. The FA value ranges from 0 to 1, where 0 represents the isotropic dispersion of the water molecule, which means that the probability and distance of dispersion in all directions are equal, and 1 represents a large degree of directional dependence of the dispersion motion of the water molecules.
Statistical analysis. SPSS (v17.0; SPSS, Inc., Chicago, IL, USA) was used for the statistical analysis. All of the data analyzed were obtained from 6 repeat experiments, and 2 experts evaluated or analyzed the imaging data. The χ 2 test was used for count data. Analysis of variance (ANOVA) was used to compare the differences among multiple groups followed by Tukey's post-hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of the preoperative data between the trial and control groups. There were no significant differences with regard to gender (data not shown; χ 2 =0.389; P=0.533) or the distribution of age (data not shown; χ 2 =0.452; P=0.414) between the trial and control groups. There were also no significant differences with regard to the lesion sites (data not shown; χ 2 =4.057; P=0.908) or the volume of the lesion (χ 2 =2.272; P= 0.140). There were no statistically significant differences with regard to lesion location (χ 2 =2.682; P=0.139) and tumor volume (χ 2 =2.469; P=0.158) between the trial and control groups. There was also no significant difference with regard to the preoperative muscle strength (χ 2 =0.138; P=0.864) and aphasia symptoms (χ 2 =0.125; P=0.989) between the 2 groups.
Representative case reports. A 61-year-old male patient was admitted to the Affiliated Hospital of Qingdao University (Shandong, China) with progressive speech loss as the main complaint and included in the present study. Conventional MRI revealed lesions in the left temporal lobe space and a tumor located in the left temporal linguistic function area. Preoperative DTI examination revealed the location of the tumor and the arcuate fascicle and was used to assist with the surgery. The DTI management (GA) graph ( Fig. 1A and B) illustrates the DTI images. The different colors reveal the shape of the fiber fascicle. Red represents the horizontal direction, green represents the front and rear direction, and blue represents the vertical direction. The GA graph reveals the reconstructed arcuate fascicle (Fig. 1C ). The tumor was in the ventral temporal section of the arcuate fascicle and the tail part of the arcuate fascicle was pushed back. The red arrow reveals the safe surgical approach to avoid the destruction of the arcuate fascicle. The pyramidal fascicle on the left and right side is shown in Fig. 1D . Due to the large tumor and peritumoral edema, the pyramidal fascicle should be protected during the removal process. The vector phase reveals the shape of the arcuate fascicle and the locational association between the cortical end point and the tumor (Fig. 1E and F) . The postoperative GA graph, the postoperative GA color graph, complete tumor resection are shown in Fig. 1G , H and I, respectively. The shape of the arcuate fascicle following the removal of the tumor in the axial and sagittal positions is shown in Fig. 1J -L. These images reveal that the temporal segment of the arcuate fascicle was integrate, and the fiber fascicle was thicker, indicating that there was a possibility to restore the function of the fiber fascicle following the removal of the tumor and the edema compression. The status prior to the opening of the dura mater ( Fig. 1M ) was evaluated and the appropriate tumor-removal angle was designed according to the preoperative DTI. The dark blue, straight line represents the lateral cut. The opening of the dura mater and the exposure of the tumor (Fig. 1N) were also observed. The careful removal of the tumor is shown in Fig. 1O ; the black arrow reveals that the resection boundary of the tumor was deep into the middle cranial fossa, and the yellow arrows reveals the posterior temporal cut to the edema. In Fig. 1P , the completed tumor resection is shown and the green arc reveals the normal brain tissue boundary. The patient improved with regard to sensory aphasia following surgery. Postoperative pathological analysis revealed that the tumor was an astrocytoma (using World Health Organisation grade II) (12) .
A 44-year-old female suffering from headaches and clumsiness in the right limb was admitted to the Affiliated Hospital of Qingdao University (Shandong, China) and recruited to the present study. MRI revealed lesions occupying the left temporal pelvic area and edema. Due to the limitation of limb activity, DTI examination was performed prior to surgery. The preoperative video material was collected ( Fig. 2A-D) and the tumor was shown to compress the pyramidal fascicle from the posterior internal side. The pyramidal fascicle from the coronal display of the tumor side is significantly squeezed to the vicinity of the center line compared with the pyramidal fascicle of the uninjured side. The postoperative DTI review data were also collected ( Fig. 2E-H) . Following the complete resection of the tumor from axial and coronal phase, the pyramidal fascicle of the injured side was reset, and the postoperative limb activity of the patient was improved. Postoperative pathological analysis revealed that the tumor was a glioblastoma (World Health Organization grade IV) (12) .
A third patient, a 51-year-old female suffering from a laborious right foot raise was also admitted to the Affiliated Hospital of Qingdao University (Shandong, China) and subsequently recruited in to the present study. The MRI revealed lesions on the left side of the brain (Fig. 3 ). Diffusion tensor tractography was performed to reconstruct the peritumoral fiber and indicated that the clear midline 13˚ angle was the safe surgical approach, with no damage to the peritumoral fiber.
Following surgery, the muscle strength of the patient improved with no secondary neurological dysfunction. Postoperative pathological analysis revealed that the tumor was a central neurocytoma (using World Health Organization grade II) (12) .
Postoperative pathological types and number of cases. To compare the clinical outcomes effectively, the postoperative pathological types were determined. There were no significant differences with regard to the postoperative histopathological types (including meningioma, oligodendroglioma, astrocytoma, glioblastoma, metastatic carcinoma, cavernous hemangioma and central neurocytoma) and the number of cases between the trial and control groups (χ 2 =2.500; P=0.927; Table I ).
Resection numbers do not significantly differ. In the trial group, 18 patients underwent total resection, while 3 patients underwent subtotal resection; the total resection rate was 85.71%. In the control group, 15 patients underwent total resection, while 6 patients underwent subtotal resection; the total resection rate was 71.43%. The χ 2 test revealed no significant differences between the trial and control groups for the total number of resections (χ 2 =1.273; P=0.259; Table II) .
Symptom improvement rate is significantly higher in the trial group. The changes in the postoperative symptoms were classified into 3 types (worse, no change or better) in terms of functional impairment (hemiplegia or aphasia) compared with that in the preoperative condition. The symptom improvement rate was 85.71% in the trial group and 47.62% in the control group. The χ 2 test revealed that the symptom improvement rate was significantly higher in the trial group compared with that in the control group (χ 2 =6.952; P=0.031; Table III ).
KPS value of the patients is significantly increased in the trial group. The KPS value of the patients in the trial group was 68.59±6.73 preoperatively and 79.06±7.40 postoperatively. ANOVA revealed that the KPS value postoperatively was significantly higher compared with the value preoperatively (P<0.001; Table IV ). The KPS value of the patients in the control group was 65.84±9.05 preoperatively and 73.45±6.18 postoperatively. ANOVA revealed that the KPS value was significantly higher postoperatively compared with the value preoperatively (P<0.001; Table IV ). ANOVA also revealed that the KPS value of the trial group was significantly higher compared with that in the control group (P=0.039; Table IV ).
Discussion
DTI is a novel technique of signal acquisition and image contrast based on traditional MRI (12, 13) . The technique utilizes the difference in the diffusion of water molecules in the brain for imaging (14) . Clinically, DTT can be a reliable strategy for doctors to improve surgical results and reduce the risk of surgery (15, 16) .
Numerous reports exist in the literature on the application of DTI and its guidance for craniotomy with functional MRI and intraoperative navigation. Previous studies reported that the preoperative DTI can affect the choice of surgical strategy, and with a combination of intra-operative DTI and navigation, surgeon scan better resect tumors and protect neurological function (17, 18) . Kuhnt et al (19) performed preoperative and intraoperative MRI scanning and reconstruction of language-related fibers for 32 patients diagnosed with glioma in the linguistic area, and suggested that the application of intra-operative MRI is essential for tumor resection and functional protection. D' Andrea et al (20) used preoperative DTI for patients with glioma near the right lateral temporal lobe to illustrate the tumor and the optic fascicle spatial shape. The through-temporal safety surgery approach was designed to avoid the destruction of the optic fascicle and included preoperative DTI and reconstruction of the optic fascicle to reduce the impact of cerebrospinal fluid caused by the release of brain drift. Thus, the complete removal of the tumor and the integrity of the optic fascicle was confirmed (20, 21) . Hayashi et al (22) performed preoperative and postoperative DTI for patients with brain tumors and found that in 5/7 patients, the arcuate fascicles following surgery were more clearly visible compared with those prior to surgery. In addition, in 6 patients, the language function score increased compared with that prior to surgery, and the difference was statistically significant (P=0.004). This study not only validates the important role of the arcuate fascicle in language function, but also reveals the positive effect of preoperative DTI-guided surgery on functional protection (22) .
In the present study, the arcuate fascicle and the pyramidal fascicle, which are the 2 fiber fascicles associated with language and limb movements, respectively, were selected as the fiber-tracking objects, and conventional MRI and DTI scans were performed for the 21 patients in the trial group. According to DTI tracking of the fiber fascicles, the designated surgical strategy was chosen. The control group, with 21 patients, underwent a conventional MRI scan only, and the surgeon chose the surgical approach nearest to the cortex and away from the functional area. In the trial group, 18 patients underwent total tumor resection and 3 patients underwent subtotal resection (85.71% total resection rate). In the control group, 15 patients underwent total resection and 6 patients underwent subtotal resection (71.43% total resection rate). There were no statistically significant differences in the total resection rate between the trial group and the control group. Although preoperative DTI can indicate the positional association between the functional fiber and the tumor, and guide the design of the surgical approach, the tumor resection rate was not significantly improved, as without intra-operative navigation and intra-operative MRI, the tumor resection rate and resection scope are mainly associated with the experience of the surgeon. Following surgery, the symptom improvement rate was compared between the trial and control groups. The trial group had an improvement rate of 85.71%, while the control group had an improvement rate of 47.62%. The symptom improvement rates were statistically significant when comparing between the trial and control groups. The KPS improvement values between the trial and control groups were compared prior to and following surgery, and it was revealed that the postoperative KPS values for the trial and control groups were increased compared with the preoperative KPS values; the KPS improvement rate for the trial group was higher compared with that of the control group. This suggests that preoperative DTI can guide a safer surgical approach to improve the symptoms of the patients and to avoid the occurrence of iatrogenic dysfunction with a surgeon's limited operation experience. In summary, the present study revealed that for patients with tumors in the functional areas of the brain, preoperative DTI can 3-dimensionally reveal the tumor and its location with regard to the peripheral nerve, and this can guide the surgical approach and removal of the scope of assessment. However, the use of preoperative DTI cannot significantly improve the rate of total resection of the tumor. Meanwhile, only 3 glioblastoma cases were discovered in the trial group and 2 in the control group, therefore, it is difficult to improve the prognosis among these patients, which is important to avoid neurological function of iatrogenic injury. The effects of preoperative DTI on the improvement of the prognosis of patients would require evaluation in future investigations. Moreover, the present study was not restricted to primary brain tumors, such as metastatic carcinoma and meningioma, which would also require specific investigation in further studies.
In conclusion, the use of DTT is an effective supplement to traditional MRI; it has particular relevance in preoperative planning, particularly in functional areas of brain tumors, and can significantly improve the prognostic function of patients.
